Potter and Lombardi (1990) suggested that verbatim short-term recall of sentences solely depends on conceptual and lexical information. In two experiments, we show that phonological information also contributes to short-term sentence recall. Modality of sentence presentation was varied, and a word list was presented before or after sentence presentation. It was assumed that phonological information contributes to the recall of auditorily presented sentences but not to sentences presented under rapid serial visual presentation. Therefore, better recall was expected for auditory than for visual sentence presentation. However, the advantage of auditory presentation should only appear if the word list preceded the sentences and did not interfere with phonological sentence information. Thus, word-list position should influence recall after auditory but not after visual sentence presentation, as in the latter case the impact of phonological information should be greatly reduced. The predictions were clearly confirmed. In addition, we replicated Potter and Lombardi's (1990) conceptually motivated intrusion effect.
Performance in immediate (serial) recall of sentences is much better than performance in immediate serial recall of syntactically unrelated word lists. In syntactically related word lists (i.e., sentences), 12 or more words can be recalled verbatim (e.g., Butterworth, Shallice, & Watson, 1990) . In contrast, memory performance for unrelated word lists is restricted to six or seven items (e.g., Baddeley, 1986) .
Traditional explanations of this phenomenon concentrate on the role of surface encoding of sentences. Short-term sentence recall is regarded as involving a process of "reading off" the transient surface representations of a sentence-for example, the phonological information (cf. Glanzer, Dorfman, & Kaplan, 1981) .
The central assumptions behind these explanations are (1) that verbatim sentence recall results from surface representations and not from conceptual information and (2) that surface representations decay if a conceptual representation of a clause is available (e.g., Caplan, 1973; Jarvella, 1971; Jarvella, Snodgrass, & Adler, 1978 ; for a critical overview cf. von Eckardt & Potter, 1985) .
In contrast to these explanations, Potter and Lombardi (1990) claim in their conceptual regeneration hypothesis that short-term sentence recall differs from short-term list recall in that it is mainly based on conceptual representations. These conceptual representations are generated during the (auditory or visual) presentation of a sentence. Hence, surface information (e.g., phonological representations) does not contribute to short-term sentence recall. Applying the findings from lexical access in language production (e.g., Levelt, 1989) to reproduction of sentences, Potter and Lombardi (1990) assume that immediate sentence recall is verbatim because the lemma of a recently presented word (i.e., an abstract lexical representation of the word) is more highly activated than the lemma of a different word that shares the conceptual representation. Therefore, lexical access of pre-viously presented words is more likely than lexical access of their synonyms. Thus, a "sentence is generated in immediate recall from a representation of its meaning using recently activated words" (Potter & Lombardi, 1990, p. 633) .
Evidence for the conceptual regeneration hypothesis stems from a series of experiments that were conducted using the intrusion paradigm (see also Lee & Williams, 1997; Lombardi & Potter, 1992) . The original intrusion paradigm was realized by using the following four-phase experimental trial structure: In the first phase of the trial, participants were presented with a sentence of 11 to 15 words. Depending on the experimental condition, this sentence was presented either visually or auditorily. For the visual presentation, the rapid serial visual presentation technique (RSVP; cf. Potter, 1984a ; see also Forster, 1970 ) was used; for the auditory presentation, sentences were presented with normal intonation and rhythm, with the mean duration of the utterance matching the presentation time of RSVP. In the second phase of each trial, a list of five unrelated words was presented in the same modality as the sentence. For each list-sentence combination, two versions existed: Half the lists included a lure word which was approximately synonymous to one of the nouns in the sentence (i.e., the target word). In the other half of the lists, the lure word was replaced by a noun unrelated to the target word. This word is referred to as the control word, with the corresponding condition being the control condition. In the third phase of the trial, a probe word was presented, and subjects had to decide whether it was part of the preceding word list or not. For example, the sentence "The history professor waited impatiently for his reply to the unexpected question" was followed by the words "answer energy market island doctor" in the lure condition and "country energy market island doctor" in the control condition. In this case, the probe word, which was either a word that appeared in the list or one that did not, was NICKEL. In the fourth and final phase, participants were instructed to recall the sentence as accurately as possible. Potter and Lombardi (1990) predicted that the lure word should replace the critical target word more frequently in recall if it was part of the list. Thus, intrusions should be more likely in the lure condition than in the control condition. That is what they observed. Moreover, if the lure was not in the word list (i.e., in the control condition), it was assumed to spontaneously intrude into sentence recall because lures were chosen in such a way that they appeared more appropriate in the sentence than target words (in the above example "answer" was considered to be more appropriate than "reply"). This spontaneous occurrence of lures in recall was also observed.
In contrast, a model that explains verbatim sentence recall in terms of excellent surface representations of sentences predicts no difference between the lure and control conditions. This should hold true because lure word and target word differ with respect to their phonological surface, and thus, the lure word will not be selected for the target word during sentence recall. However, Potter and Lombardi (1990) observed a higher probability of intrusions in the lure condition than in the control condition. Because lure and target words only resemble each other with regard to their conceptual representation, but are easily distinguished with regard to their phonological surface, they concluded that the contribution of phonological information to sentence recall can be, at best, very restricted.
Recently, though, the conceptual regeneration hypothesis was questioned by neuropsychological data presented by Martin (1993) and Martin, Shelton, and Yaffee (1994) . E.A., a patient with a considerable impairment of her phonological short-term memory [memory span Ͻ2 items; for a detailed description of E.A. cf. Martin (1990) ], was shown to perform normally on the sentence-picture matching task, a task that requires the individual to match sentences with pictures that show the critical information contained in the sentence. At the same time, however, E.A.'s performance on verbatim immediate sentence recall was very poor. Although the recalled sentences were almost correct in content, they differed in their surface structure. Another of Martin's patients, A.B., showed the reverse data pattern (cf. Martin et al., 1994) : He demonstrated normal short-term sentence recall, but whenever a task was included which required the comprehension of a sentence, his performance was impaired. This double dissociation suggests that, at least with respect to immediate recall of auditorily presented sentences, the availability of phonological representations seems to be a necessary condition for verbatim sentence recall but not for sentence comprehension. Martin et al. (1994, p. 99) conclude that "the only point of disagreement [with Potter & Lombardi] is whether the phonological memory involved in list repetition also plays any role in sentence repetition. On the basis of the neuropsychological data we argued that it does."
In line with this claim, Engelkamp and Rummer (1999) presented experimental data that suggest that phonological short-term representations contribute to the immediate serial sentence recall of nonimpaired participants. In their experiments, participants were auditorily presented with two sentences which they had to recall immediately after the presentation of the last word. The sentences varied with regard to (1) the word length of the nouns in the sentences (monosyllabic versus three-syllabic nouns) and (2) their syntactic surface structure (two temporally or causally related events were expressed in subordinate versus coordinate sentences). Both manipulations were shown to independently influence recall performance. Only the word-length manipulation is relevant to the question of whether phonological information contributes to sentence recall. Engelkamp and Rummer (1999) showed that sentences with short nouns were recalled better than sentences with long nouns. Presuming that the word length effect indicates that the phonological subsystem of working memory-the phonological loop-is involved in memory performance (cf. Baddeley, Thomson, & Buchanan, 1975) , this result can be interpreted as evidence for the contribution of phonological short-term representations to immediate serial recall of sentences.
Given findings like those reported by Martin et al. (1994) and Engelkamp and Rummer (1999) , we believe that Potter and Lombardi (1990) go a step too far with their conceptual regeneration hypothesis. The data from Martin et al. (1994) and Engelkamp and Rummer (1999) suggest that they put too much weight on conceptual regeneration. We agree with Potter and Lombardi (1990) that conceptual information plays an important role in sentence processing (it is sentence meaning which we are habitually aiming at) and that this also holds true for shortterm sentence recall. However, we assume that phonological information is also involved in short-term sentence recall, at least with auditorily presented sentences. Potter and Lombardi's (1990) experiments aimed at demonstrating that conceptual information contributes to verbatim short-term sentence recall. Consequently, their experiments were not aimed at demonstrating that phonological information is also involved in sentence recall. In five out of seven experiments they presented the sentences visually (using RSVP), and in only two were the sentences presented auditorily. Unfortunately, in both auditory experiments, subjects were presented with a word list after listening to the sentence. In our view, this might have erased the phonological traces of the sentences and therefore no effect of phonological information was observed. Thus, Potter and Lombardi's intrusion experiments do not allow for the conclusion that short-term sentence recall does not require acoustic and/or phonological information. Along with Lee and Williams (1997, p. 171) , we believe that "the issue about the involvement of surface memory is still very much open." It is therefore the main goal of this paper to demonstrate that phonological information is involved when sentence presentation is auditory (and when it is not interfered with by a following word-list presentation).
Before we develop our hypotheses with regard to the special conditions used in our experiments, it is necessary to make some remarks on the modality effect (e.g., Cowan, 1984 Cowan, , 1995 Frankish, 1995; Penney, 1989) . This effect implies that recall (and also recognition) for auditorily presented verbal material is better than that for visually presented material. According to Penney (1989) , the reason for the modality effect is a fundamental processing difference between auditory and visual items. Auditory items automatically generate an acoustic representation which is subsequently encoded phono-logically. This phonological encoding process is automatic and thus appears very quickly and without any loss of information. Visually presented items generate a visual code. This visual sensory information is also processed phonologically. However, differently from auditory items, the phonological recoding of visual information needs a controlled and thus time-consuming recoding process.
According to this position, recall of auditory lists benefits from acoustic and phonological information, whereas recall of visually presented lists, due to the rapid decay of visual sensory information (Penney, 1989, p. 399) , solely depends on phonological representations. Acoustic information should only be available for the last item positions of a list, so that the modality effect is larger for the three or four most recent words than for the preceding items. This latter effect was also shown for sentences (Balota, Cowan, & Engle, 1990) .
We suggest modifying this position and distinguishing between the automatic and the strategic use of phonological information with visual material. There is a good deal of research which suggests that visual words also access meaning through a phonological code (e.g., Lukatela & Turvey, 1994a , 1994b van Orden & Goldinger, 1994) and that this phonological recoding is extremely rapid and unconscious. We assume that this kind of phonological information mainly serves to transport the meaning of words, and that it decays rapidly and does not itself support immediate recall. In addition, we assume that there is a controlled phonological recoding (cf. Penney, 1989) which corresponds with putting the phonological information into a phonological short-term store (STS) (e.g., Baddeley, 1986 ). This kind of phonological recoding is critical for short-term serial recall. It is this input in the phonological STS that occurs automatically with auditory presentation. Moreover, short-term recall of auditorily presented material is supported by acoustic information which decays more slowly than visual information. A similar proposal was made by Besner and Davelaar (1982) . They suggested distinguishing two levels of phonological processing: First, phonological forms of the words are activated, and second, phonological information enters the phonological STS. Only phonological information which has entered STS can be actively retained.
Strategic recoding of visual information into the phonological STS is particularly relevant for the comparison between RSVP and auditory presentation. We assume that auditorily presented materials are automatically entered into the phonological STS (and can thus be actively retained in it), whereas RSVP, because of the rapid presentation rate, prevents materials from entering phonological STS (but see Coltheart, 1999) . More precisely, participants should refrain from phonological recoding if the presentation rate is faster than the time-consuming recoding process. Evidence for the assumption that phonological information does not enter STS under RSVP stems from Potter (1984b; cited in Potter, 1999) . She found that concurrent articulation during RSVP reading did not affect short-term sentence recall (cf. also Potter, 1993) .
An important point is that the advantage for auditorily presented sentences should disappear if sentences are followed by subsequent verbal stimuli. This influence is obvious in the suffix effect (Crowder, 1967; Dallet, 1965) . The question of whether this interference effect is due to acoustic or phonological information is still awaiting a definite answer (e.g., de Gelder & Vroomen, 1997; Greene, 1992, Chap. 2) . Since we only used verbal material, we do not focus on this distinction. In our experiments both effects should merge. For the sake of simplicity, we will generally use the term phonological information in this article. Regardless of whether the effects are more auditorily or phonologically based, if they occur in our experiments they still argue against a purely conceptual basis of sentence recall.
To sum up, for the recall of sentences presented under RSVP and auditory presentation we expect two effects. First, we expect a recall advantage for the auditory presentation over RSVP due to acoustic and phonological representations. Second, we expect a phonological interference effect only under auditory sentence presentation. This effect should be particularly obvious for the last positions of a sentence.
In order to test these assumptions, we varied two factors orthogonally. The first factor concerns the sequence of sentence and list presentation. The second factor concerns the modality in which the sentences and word lists were presented (RSVP and normal auditory presentation). An orthogonal variation of these two factors results in four experimental conditions: (1) RSVP with the word list following the sentence (vis SL); (2) RSVP with the word list preceding the sentence (vis LS); (3) auditory presentation with the word list following the sentence (aud SL); and (4) auditory presentation with the word list preceding the sentence (aud LS). Potter and Lombardi (1990) only realized the first three conditions. However, the forth condition is needed to test the assumptions concerning the phonological code.
If sentences are presented under RSVP and auditorily without list interference (aud LS), there should be a recall advantage (proportion of correctly reproduced words) for the auditory presentation over RSVP (vis LS and vis SL) because under auditory presentation, sentence recall should benefit from the phonological code.
As outlined above, the subsequent presentation of a word list should only erase the phonological code. Since we assume that phonological information is only available in the auditory modality, the list-sentence sequence should only be critical for auditorily presented material. Therefore, sentence recall should be worse under auditory presentation when the word list follows (aud SL) than when it precedes sentence presentation (aud LS). However, this variation of list position should hardly affect RSVP because here sentence recall is based on conceptual information which is unlikely to be influenced by list position. Hence, we expect an interaction between the factors of sequential order and modality.
This global pattern of sentence recall should be modified if the positions of the words in the sentences are taken into account. As mentioned above, the phonological trace should be particularly available for the last three or four positions of a sentence. Therefore, an interaction of sequential order and item position should only be observed for the auditory but not for the visual modality. The last three items should particularly suffer from a list following an auditory sentence. In contrast, with RSVP, phonological traces are not available for the first or for the last three words of the sentences. Thus, the influence of the sequential order of list and sentence should not differ with respect to the item position under RSVP.
With respect to lure intrusions we have the following expectations: First, with Potter and Lombardi (1990) we generally expect more intrusions if a lure word was presented within the list as compared to the case when the lure word was not presented. This effect, which is due to conceptual information, is expected for all experimental groups. Second, we do not expect differences in intrusions depending on the sequential order of list and sentence under RSVP because here only conceptual information is decisive. Third, for auditory presentation we expect fewer intrusions if the lists precede the sentences than if they follow them. This should hold true because under the former condition the phonological code should enhance the phonological discrimination. Fourth, in the case that auditory sentences are preceded by word lists, the number of intrusions should also be reduced compared to RSVP for the same reason.
EXPERIMENT 1
The first experiment constitutes a replication of Experiments 1, 2, and 6 by Potter and Lombardi (1990) with the additional inclusion of an experimental condition with auditory presentation and the lists preceding the sentences (aud LS). The experiment is based on a three-factor design with the first two factors, modality of presentation (RSVP vs auditory presentation) and sequential order of sentence and list presentation (list before sentence vs. list after sentence), serving as between-subjects variables and the third factor, lure condition (list with or without lure word), serving as a within-subjects variable. Half the lists included the lure word. In the other half, the lure word was replaced by a semantically unrelated word. In order to make feasible an overall analysis of the experimental design, we modified the original experimental procedure used by Potter and Lombardi (1990) . In the present experiment, all experimental groups were presented with the same material, whereas the sentences and word lists in Potter and Lombardi's (1990) Experiment 6 (aud SL) differed from the material presented in Experiments 1 (vis SL) and 2 (vis LS).
Method
Participants. Sixty-four students from Saarland University, all of them native speakers of German, participated in the experiment. They were paid for their participation. Sixteen people were randomly assigned to each of the four experimental conditions.
Material. The 20 sentences presented in Experiments 1 and 2 by Potter and Lombardi (1990) were translated into German. Each sentence included a target word. Importantly, as in the original English sentences, the target words always appeared in the middle of the sentences. Two lists were constructed, each including five unrelated words for each sentence. In the lure condition, a word that was semantically similar to the target word was presented in the word list. As in the original study, lure words were chosen such that they appeared more suitable in the context of the sentence than the target word itself. In the control condition, a noun that was neither semantically nor phonologically related to the target word replaced the lure word. Except for the lure word/control word, the two word lists were identical. The materials are given in the Appendix.
In the two visual presentation conditions, sentences, word lists, and probe words were presented on the computer screen; in the two auditory presentation conditions, sentences, word lists, and probe words were presented by means of external loudspeakers. In the auditory condition, sentences, word lists, and probe words were read aloud and with natural prosody by a male speaker. The reading was digitized and stored on a personal computer.
Procedure. In all experimental groups, half the sentences were presented in combination with lists that included a lure word and the other half were presented together with lists that did not include a lure word. The assignment of the lists to one of these conditions was determined at random, as was the presentation order of the 20 sentence-list combinations.
Visual presentation. The two visual presentation groups replicated Potter and Lombardi's Experiments 1 and 2. Word lists and sentences were presented in the center of the screen using the RSVP technique.
The structure of a single trial in the list before sentence condition was as follows: Participants started a trial by pressing the space bar of the computer keyboard. Three asterisks then appeared for 300 ms at the center of the screen, followed by a blank screen for 350 ms. Following this, the words of the word list were presented one after the other for 250 ms per word. The sentence was presented after an interval of 250 ms in which a row of percentage signs was displayed. Each word of the sentence was displayed separately on the screen with a presentation rate of 200 ms per word (stationary window). As soon as the last word of the sentence had vanished from the screen, the row of percentage signs appeared for 517 ms. Finally, the probe word was presented in capital letters for 500 ms. Subjects had to decide whether the probe word had been part of the word list or not, and then respond by pressing one of two response keys (shift-right for "yes," shift-left for "no"). Participants were told that this matching task served to increase the difficulty of the sentence recall which had to be done immediately afterward. For the sentence recall, participants were instructed to recall the sentence aloud and as accurately as possible.
The list after sentence condition only differed with respect to the order of list and sentence presentation. As in the list before sentence condition, the subjects first responded to the probe word and then recalled the sentence aloud.
Auditory presentation. In comparison with the two visual presentation conditions, the procedure in the two auditory presentation groups differed only with respect to the modality of the sentences and word lists. The timing of the sentence and the list presentation as well as the intervals between the sentence, the list, and the probe word matched as closely as possible those of the visual presentation groups. That is, on the average, presentation time was 200 ms per word. Actually, content words of three syllables or more needed a bit more time, and one-syllable function words needed a bit less. All other aspects of the trial structure (i.e., the presentation of the asterisks and percentage signs) were equal to the visual conditions.
The sentences recalled aloud were recorded and transcribed. As dependent variables, the percentage of correctly reproduced words per sentence (excluding the target word) and the percentage of lure intrusions for the target word were measured.
Results
Proportion of correctly reproduced words. Table 1 shows the mean percentage of correct recall as a function of the two independent variables, modality and order, for our experiments and those of Potter and Lombardi (1990) . As can be seen in this table, the findings for the visual presentation mode (RSVP) show close correspondence between the two studies. However, the level of sentence recall in our experiment was generally lower than that in Potter and Lombardi's experiments (1990) . An explanation for this decrease may be found in the different properties of English and German. Measured in terms of the number of syllables, the mean length of the German sentences was higher than the mean length of the original English sentences (for English, M vis ϭ 16.95 and M aud ϭ 17.2 syllables per sentence, compared to German, M vis and M aud ϭ 22.85 syllables per sentence). A difference in recall between Potter and Lombardi's experiments and ours was observed for auditory presentation with the list following the sentence (91% vs 65%). We will come back to this finding in the General Discussion.
We will now focus on the results of the present experiment. As Table 1 shows, under RSVP, recall was equally good for the SL and the LS conditions, whereas auditory recall for LS was better than that for SL. The different recall patterns for visual and auditory presentation resulted in a significant two-way interaction between modality and order (F1(1,60) (1, 19) ϭ 33.72, MSE ϭ 62.06; p Ͻ .001). Planned comparisons (LSD tests) indicated that there was no difference between SL (75%) and LS (76%) after RSVP (p1 and p2 Ͼ .1). However, after auditory presentation, recall was better with LS order (84%) than with SL order (65%) (p1 and p2 Ͻ .001). Further comparisons revealed that, with SL, the visual presentation led to better recall than the auditory presentation (75% vs 65%; p1 Ͻ .05 and p2 Ͻ .001), and with LS, the opposite effect was observed; that is, recall was better with auditory than with visual presentation (84% vs 76%; p1 Ͻ .05 and p2 Ͻ .001).
In order to test the specific expectation that the phonological effect in the auditory LS condition should be confined to the end of the sentence, we carried out a further analysis of the recall performance on the first three and the last three words of each sentence. The results are summarized in Table 2 . As expected, under RSVP there was no difference between recall performance for LS and SL, neither for the first three (91% vs 87%) nor for the last three words of the sentences (63% vs 62%). In contrast, under auditory presentation for both the first three and the last three words a difference between LS and SL was found. However, the difference was larger for the last three (75% vs 51%) than for the first three words (92% vs 78%). We expected a three-way interaction between the factors modality, sequential order, and position of the words in the sentences. Indeed, the ANOVAs confirmed this prediction, F1 (1, 60) (1, 19) ϭ 39.13, MSE ϭ 178.69, p Ͻ .001) that was qualified by a significant twoway interaction (F1(1,30) ϭ 9.64, MSE ϭ 44.14, p Ͻ .01; F2 (1, 19) ϭ 9.32, MSE ϭ 57.04, p Ͻ .01). A decrease, caused by the following word list, was greater for the last three than for the first three words of the sentences. However, the effect of sequential order was significant for both the last three and the first three words in the sentences (p1 and p2 Ͻ .001). The ANOVA with RSVP showed neither a main effect for sequential order (F1 Ͻ 1; F2 (1, 19 ) ϭ 1.36, MSE ϭ 95.54, p Ͼ .1) nor an interaction (all Fs Ͻ 1).
Our findings suggest that phonological information from the last words was particularly good if presentation was auditory and no interference took place, and it was particularly bad if presentation was auditory and interference by a following word list took place. For the first three words, this effect was significantly weaker.
Lure intrusions. Table 3 shows the proportion of lure intrusions as a function of the three independent variables of modality, order, and lure condition. The table shows that whenever a lure word occurred in the lists, more intrusions appeared than when the lure word was replaced by a conceptually unrelated control word. This lure intrusion effect was observed for all experimental groups. For lists that contained a lure word, a mean percentage of 18% lure intrusions was found, whereas for the control condition only 9% intrusions appeared. In addition, there were more intrusions in the auditory SL (24%) Neither the main effect of order nor the interaction between order and lure was significant (all Fs Ͻ 1). As expected, the situation was different with auditory presentation. Here, the number of intrusions was higher when the lists followed the sentences (SL) than when they preceded the sentences (LS). The separate ANOVA for the auditory presentation groups revealed two significant main effects sequential order: F1 (1, 30) . If the word lists followed the sentences, the lure intrusion effect was higher than if the sentences followed the word lists.
However, as was shown by separate ANOVAs for visual and auditory presentations, differences in the number of intrusions appeared only if the lists followed the sentences. A separate ANOVA for the list after sentence condition revealed a significant two-way interaction for modality and lure, F1(1,30) ϭ 12.03, MSE ϭ 0.748, p Ͻ .01; F2 (1, 19) ϭ 7.28, MSE ϭ 0.989, p Ͻ .05); whereas, different from our assumptions, intrusions for auditorily and visually presented sentences did not differ if the sentences followed the word lists (all Fs Ͻ 1).
Discussion
The present experiment showed that recall of sentences presented with RSVP is mainly based on conceptual information. For this reason, there was no sequential order effect with RSVP. In this regard our data replicate the findings of Potter and Lombardi (1990) .
The situation is different if the sentences are presented auditorily. Auditorily presented sentences were recalled better than visually presented sentences when the phonological code was not interfered with by a following acoustic word list. However, we cannot exclude that the slower presentation of long content words also facilitated conceptual encoding under this condition. Such a facilitating effect of conceptual information cannot explain the interaction between modality and list position though. For auditorily presented sentences followed by an (auditory) word list, on the other hand, recall was impaired compared to the list-sentence condition. In addition, sentence recall for the sentence-list condition was worse under auditory sentence presentation than under visual presentation. This effect was unexpected and different from the results of Potter and Lombardi (1990) . We will postpone discussion of this effect until after we describe Experiment 2.
In a more detailed analysis, which took into account the position of the words in the sentences, we observed a three-way interaction among sequential order, modality, and position of the words in the sentences. This finding supports the assumption that recall of both auditory sentences and unrelated word lists uses phonological information. Obviously this information is used in auditory sentence recall. This is particularly true for the last three words if the list precedes the sentence, and it is impaired if a list follows the sentence. Hence, there is support for the hypothesis that sentence recall for auditorily presented sentences depends on phonological information and that this mainly holds true for the last words of the sentences. This finding of modality-specific differences in sentence recall requires an extension of Potter and Lombardi's (1990) account. Potter and Lombardi's (1990) basic regeneration hypothesis was also supported by the intrusion data in our experiment. However, there are two more specific findings that are worth mentioning. First, the number of intrusions was highest when sentences were auditorily presented and followed by a word list. Under this condition, the number of intrusions was higher than under RSVP, and it was higher than under auditory presentation if sentences followed the word lists. This was also found in the study by Potter and Lombardi (1990) .
Second, contrary to our expectations, we did not observe fewer intrusions under auditory than under visual presentation when the lists preceded the sentences. A possible explanation for the absence of the expected modality effect is that the target words of the sentences were always located in the center of the sentences. That is, they were not located in the region of the sentence where phonological information is particularly available during sentence recall. A detailed discussion of these findings will be postponed until after we describe Experiment 2.
EXPERIMENT 2
In Experiment 1, we demonstrated that the advantage of auditory over visual sentence presentation is mainly due to the most recent items of a sentence. Because the target words were not located at the end of the sentences, but in the center, it seems likely that intrusions did not differ under LS as a function of modality. In this second experiment, we tested the assumption that the expected decrease in intrusions in the auditory LS condition will occur if the targets for the lure words are located at the end of the sentences. Here, the sentences are constructed so that the target is basically one of the three most recent words.
Method
Experiment 2 was based on the same threefactor design as Experiment 1. Two factors, modality of presentation (RSVP vs auditory presentation) and sequential order of sentence and list presentation (SL vs SL), served as between-subjects variables, and lure condition (list with or without lure word) served as a withinsubjects variable. In comparison with Experiment 1, there was only one important difference: the target word in the present experiment occured at the end of the sentences.
Participants. Sixty-four students from Saarland University, all of them native speakers of German, participated. As in Experiment 1, they were paid for participation. Sixteen individuals were randomly assigned to each of the four experimental conditions.
Materials. The only difference between Experiment 1 and Experiment 2 concerned the construction of the sentences. The 20 new items were constructed so that the target word was one of the three most recent words of the sentence. The materials are given in the Appendix.
As in Experiment 1, for each sentence, two lists including five unrelated words were constructed. In the lure condition, a word that was conceptually similar to the target word was presented in the word list. In the control condition, a noun that was neither conceptually nor phonologically related to the target word was presented instead of the lure word.
As in Experiment 1, sentences and word lists were presented on a computer screen in the RSVP conditions. In the auditory conditions, sentences and word lists were presented by means of external loudspeakers.
Procedure. Experimental procedures were exactly the same as in Experiment 1.
Results
As in Experiment 1, results are reported separately for the proportion of correctly reproduced words (excluding the target words) and the lure intrusions.
Proportion of correctly reproduced words. Table 1 shows the results for the proportion of correct recall as a function of the two independent variables of modality and order of presentation.
Recall of sentences presented with RSVP was equally good for the LS and the SL conditions (81% vs 82%), whereas in the auditory conditions, recall for LS was much better than for SL (88% vs 79%). These different recall patterns for visual and auditory presentation were reflected in a significant interaction between modality and order: F1 (1, 60) (1, 19) ϭ 9.07, MSE ϭ 33.53, p Ͻ .01) that was modified by this interaction. Planned comparisons confirmed that there was no difference between SL and LS after RSVP (p1 and p2 Ͼ .1). However, after auditory presentation, recall was better for the LS than for the SL group (p1 Ͻ .01 and p2 Ͻ .001). For the LS condition, recall was better with auditory presentation than with RSVP (88% vs 81%; p1 Ͻ .05 and p2 Ͻ .001). Thus, the modality effect was replicated. In contrast to the first experiment, however, recall with SL under RSVP was not significantly better than under auditory presentation (82% vs 79%; p1 and p2 Ͼ .1).
In order to test whether the most recent words of the auditory sentences were, again, most sensitive for the sequence effect, we scored recall performance separately for the first and last three words of each sentence. The results are summarized in Table 2 . The ANOVA revealed a marginal three-way interaction among the modality of presentation, the sequential order of list and sentence, and the position of the words in the sentence, F1(1,60) ϭ 3.07, MSE ϭ 40.82, p Ͻ .09; F2 (1, 19) ϭ 3.18, MSE ϭ 53.20, p Ͻ .1. Again, we carried out separate ANOVAs for the auditory and visual conditions. The ANOVA for the auditory condition yielded a significant main effect of sequential order (F1(1,30) ϭ 13.59, MSE ϭ 117.75, p Ͻ .001; F2 (1, 19) ϭ 27.95, MSE ϭ 72.45, p Ͻ .001) which was qualified by a close to significant two-way interaction, F1 (1, 30 ) ϭ 4,79, MSE ϭ 46.94, p Ͻ .05; F2 (1, 19) ϭ 3.82, MSE ϭ 79.82, p Ͻ .07. As in Experiment 1, the sequential order effect was stronger for the last three words as compared to the first three words of the sentences. With RSVP, no main effect or interaction was found (all Fs Ͻ 1). Here, sequential order of lists and sentences had no effect on recall performance, neither for the first nor for the last words in the sentences.
Lure intrusions. Table 3 shows the proportion of lure intrusions as a function of the grouping factors modality of presentation and sequential order of list and sentence and of the withingroup factor lure condition. If the lists preceded the sentences under RSVP, the lure replaced the target word in 30% of the recalled sentences, given that the lure was included in the word list. Even if the lure was not in the list, there were still 20% spontaneous intrusions. For the corresponding auditory LS group, the intrusions were 19% and 12%, respectively. When the lists followed the sentences under RSVP, 31% and 23% intrusions occurred, whereas for the auditory SL group the intrusions were 42% and 20%, respectively.
The ANOVA indicated a marginal three-way interaction: Whereas the F1 analysis failed to reach significance (F1(1,60) ϭ 2.76, MSE ϭ 1.916, p Ͻ .11), the F2 analysis revealed a significant effect, F2 (1, 19) ϭ 4.66, MSE ϭ 0.977, p Ͻ .05. However, there was a significant twoway interaction between modality of presentation and sequential order, F1(1,60) ϭ 6.44, MSE ϭ 2.35, p Ͻ .05; F2 (1, 19) ϭ 8.45, MSE ϭ 1.50, p Ͻ .01. Whereas the proportion of intrusions within the auditory group depended on the sequential order of sentence and list (LS 16%, SL 31%), in the RSVP group the proportion of intrusions was independent of the sequential order (LS 25%, SL 27%). Planned comparisons (LSD test) showed that this interaction was particularly due to the auditory LS condition. As predicted, intrusions emerged less frequently in the auditory LS than in the other three conditions. Experiment 2 particularly aimed at testing the assumption that the modality effect (i.e., the advantage of auditory over visual presentation in the LS condition) should also emerge for intrusions. For lists preceding the sentences, we predicted that the proportion of lure intrusions would be lower in the auditory than in the RSVP condition because phonological information is assumed to be available only under auditory presentation, and because the discrimination of lure and target word should benefit from phonological information. In order to test this hypothesis, a separate ANOVA for the two LS groups with the between-subjects factor modality of presentation and the within-subjects factor lure condition was conducted. As expected, the ANOVA revealed a significant main effect of the modality (F1(1,30) A separate ANOVA for the SL condition also confirmed our assumptions: The ANOVA revealed a significant main effect for lure condition (F1(1,30) 
Discussion
There was an almost perfect replication of the sentence recall pattern of Experiment 1. Sequential order had no effect with RSVP but had a clear effect with auditory presentation. Recall of auditory sentences was better if the list preceded the sentence than if it followed the sentence. In the former case (LS), phonological information was not disturbed and gave the auditory presentation an advantage over RSVP where the conceptual information was not (additionally) supported by phonological information. The only difference in sentence recall between the two experiments was that the interference effect with auditory presentation under SL was stronger in Experiment 1, so that a significant modality effect was observed only in the first. Potter and Lombardi (1990) did not find any difference between recall performance of auditorily (their Experiment 6) and visually (their Experiment 1) presented sentences in the SL condition. If conceptual information were independent of presentation modality, recall performance should be equal under the two presentation modalities. We do not have an explanation as to why this was not observed in Experiment 1. It should, however, be remembered that different sentences and lists were used in Experiments 1 and 2. For the auditory SL condition, the accidental phonological relationship between the list words and the sentence words should be critical for the degree of sentence recall. It is possible that this relationship was different in the two experiments. Moreover, the scores for the four recall conditions stem from four different groups of individuals. It might be that the participants in the auditory SL group of Experiment 1 were accidentally poorer in memory than those of the other groups, and/or those of Experiment 2 were relatively better. However, this unexpected finding does not weaken our predicted effects and conclusions drawn from them. The decisive point is that performance in auditory sentence recall is lower when the word list follows the sentence than when it precedes it.
The more specific prediction that the largest part of the modality occurs in the most recent part of the sentences was also confirmed. As expected, the word position by order interaction in both experiments was observed under auditory presentation but not under RSVP.
As expected, the pattern of intrusions differed between Experiment 1 and 2. Under RSVP, intrusions did not differ as a function of the sequential order of list and modality. This null effect was consistently found in our experiments and in the experiments performed by Potter and Lombardi (1990) . However, the intrusion data of our experiments differed with respect to auditory sentence presentation. If the lists preceded the sentences, there were fewer intrusions with auditory than with visual presentation in Experiment 2, but not in Experiment 1. This difference was expected and ascribed to the fact that the positions of the targets for the lure words varied across the two experiments: In Experiment 1, the target words were located in the center of the sentences, whereas in Experiment 2 they were one of the three most recent words. The center positions do not differ with respect to the modality; the end positions do. As already demonstrated by the recall data, phonological information is mainly available for the most recent part of the sentences. Since the discrimination of lure and target words substantially benefits from this phonological information, a modality effect in the LS condition only appears if a phonological representation of the target word is available during sentence recall. This is the case in Experiment 2 but not in Experiment 1.
The reverse effect was observed if the word list followed the sentence. Under this condition, the number of intrusions was higher under auditory presentation than under RSVP. This effect was observed in Experiment 1 and in the study of Potter and Lombardi (1990) as well. We do not have a straightforward explanation of this finding, which was not really explained by Potter and Lombardi either. A possible explanation might be that auditory presentation of the word list leads to an enhanced priming effect compared to RSVP which could reinforce the lure selection by the wrong phonological information of the lure under the SL condition. Admittedly, the issue of whether phonological activation feeds back to the lemma level to bias lexical selection in production is contentious (see Levelt, Roelofs, & Meyer, 1999 , for discussion), but at least in the interactive activation model it seems possible that the phonological trace from the lure in the word list increases the probability that the corresponding lemma will be selected during the sentence recall process. 1 
GENERAL DISCUSSION
Our experiments show that both conceptual and phonological information contribute to short-term sentence recall. The finding that a lure intrusion effect appeared in all experimental conditions demonstrates that sentence recall is based on conceptual information independently of the modality of presentation. This effect should only occur if sentences are regenerated on the basis of conceptual information. Thus, our data confirm the assumption that conceptual regeneration is the main basis of sentence recall.
The main goal of our experiments was to demonstrate that-besides conceptual information-phonological information also contributes to short-term recall of auditorily presented sentences. From our data, we can clearly conclude that this is indeed the case. If no word list is processed after sentence presentation, a clear modality effect occurs. That is, recall of auditorily presented sentences is better than recall of visually presented sentences. If the modality effect is due to the contribution of phonological information, the modality effect should disappear if a word list is processed after the presentation of the sentence. These assumptions were also confirmed by our data. The contribution of phonological information is conclusively reflected in the finding that its effect is particularly pronounced at the end positions of the sentences.
The restriction to the end positions tells us two things. First, the phonological contribution is limited and is presumably to be attributed to the content of a phonological short-term store (e.g., Potter & Lombardi, 1998) or to the contribution of an auditory sensory code (e.g., Balota et al., 1990) . Second, it underlines Potter and Lombardi's (1990) position that the generation process is the more important influence on short-term sentence recall.
We argued that phonological information is not represented in STS if sentences are presented under RSVP. Phonological recoding of the visual input information is considerably affected by the high presentation rate. Thus, with respect to the contribution of phonological information, RSVP is a special case which does not reflect the processes that generally appear in the short-term recall of sentences even under visual presentation. If the objective of an experiment is to demonstrate that verbatim recall of sentences is possible without using surface information (this was Potter & Lombardi's objective), then the experimental procedure of RSVP is reasonable. However, if the objective is to demonstrate that, besides conceptual information, surface information also contributes to sentence recall, then RSVP is a rather inappropriate experimental procedure.
We reported at the beginning of our paper that E.A., who was subject to several investigations published by Randi Martin and co-workers, showed deficits in verbatim recall of auditorily presented sentences compared to the participants of an unimpaired control group (Martin, 1993; 1 We thank an anonymous reviewer for this possible explanation. Martin et al., 1994) . How do these data correspond with our findings? In contrast to unimpaired control subjects, E.A. showed better recall performance for visually as compared to auditorily presented unrelated word lists (cf. Martin, 1990) . In the diagnostic process, this inverted modality effect indicates, among other things, the selective impairment of the phonological STS (Martin, 1990) . If an inverted modality effect indicates impairment of phonological STS, then, inversely, the appearance of a modality effect should also indicate that phonological STS is involved in an experimental task. Thus, the finding of a modality effect in sentence recall (when no distractor list followed the sentence) supports the assumption that phonological STS contributes to short-term sentence recall.
Together, these considerations lead to the general idea that sentences are processed at several different levels and along different informational aspects (such as phonological, lexical, syntactic, and conceptual information), all of which might be used as retrieval cues in sentence recall if available. Even if conceptual information is the central goal of sentence processing, and this fact has been ignored for quite some time, the contribution of the other informational aspects and particularly of phonological information should not be neglected if short-term sentence recall is studied. 
APPENDIX

